A simple procedure, based on elementary shower theory, has been devised to compensate for attenuation losses over the surface of large sandwich-type shower counters. It uses tapered lead sheets in place of the usual flat plates and is capable of compensating for attenuation of as much as a factor of two.
I. INTRODUCTION
In an experiment at SLAC ,' lead-lucite sandwich-type shower counters2
were used as an electron trigger.
A new type of lucite3 was used in order to get maximum light output. A problem arose of correcting for severe light attenuation over the surface of the counter.
(As the counters were used for triggering, it was essential that the response be reasonably flat. ) This letter describes the method of correction that produced flat pulse-height distributions, without having much effect on counter resolution.
II. THE COUNTERS
A new type of lucite doped with a wave-shifter which absorbs in the UV and reemits in the visible blue has been developed. 3 In a simple geometry the pulse height for this new lucite was about a factor of two greater than that for UVT lucite , 4 but in more practical configurations, which tend to be less efficient for collecting the highly directional primary Cecenkov radiation, a bigger improvement might be expected.
Eleven shower counters were constructed and assembled in a 254 x 137 cm' triggering array which was used to select 3-15 GeV scattered electrons in a spark-chamber experiment to study electroproduced hadrons. Consider for example a lead-lucite counter and let us make the assumptions that no energy is lost out of the sides and that the lucite sheets merely sample the energy loss density at various depths, but are sufficiently thin as to have no appreciable effect on shower development or attenuation.
We can immediately write down the contribution ai to the total output pulse amplitude from the i'th lucite sheet:
where ti is the total thickness of lead upstream of the i'th lucite sheet and
Ei is the ordinate of the shower development curve (Fig. 2) at a depth ti. The proportionality constant ci depends upon the thickness and optical properties of the i'th lucite sheet, and upon a multitude of other factors. If the total number of lucite sheets is n, then the total amplitude 'a' is simply:
n n a= c a. = 1 c i=l i=l CiEi(ti ) If all the lucite sheets have equal thickness and optical properties, then the ci's will all be equal:
where the dependence on position is shown explicitly to emphasize that the attenuation (which is contained in c) varies over the surface of the counter.
Thus if we construct a counter in which the lucite sheets and optics remain the same, but in which lead sheets of arbitrary size, shape and thickness can be added or subtracted at will, once the response for a particular lead configuration is known (i. e. , c(x) y) is mapped out), the response for any other configuration may be calculated. A configuration should be chosen which gives the best compromise between flat response, high photon yield, low shoxer leakage and minimum fluctuations in the partition of energy between lead and lucite.
IV. ADJUSTMENT AND RESULTS
Correction of the problem described in Section 2 was effected by simply tapering the lead plates by precisely the amount predicted by Eq.
(1) to compensate for the slope. To simplify the casting of the tapered plates, only one standard mold was used, tapering from 8.1 mm to 0.5 mm, and Eq. (1) then served to establish the numbers and positions of both flat and tapered plates for each counter. Further simplification was afforded by using a linear taper and by using type-metal (83% Pb 17% Sb, X0 = 0.67 cm, M. P. = -27O 'C) which is easier to cast than lead (X0 = 0.58 cm, M. P. = 327.5'C). Table 1 shows the configuration used for our typical counter, and Fig. 2 curve B shows the response with this configuration. It can be seen that the pulse height variation across the counter has been reduced from a factor of two to about f 5% (at 18 CeV) over a distance of 40 cm out of the total counter width of 46 cm. The deterioration in resolution observed as a result of this radical departure from traditional shower counter design is quite small (14.5% became 16% at 18 GeV). It should be pointed out however that the resolution is already quite poor due to photon statistics since only 12% of the light is collected. By replacing the five 5 cm phototubes with three 12 cm tubes, the photon yield could be increased by a factor of four. At this point we might begin to see effects of fluctuations in the partition of energy between lead and lucite, which will presumably be worse with the new irregular geometry, and of fluctuations in shower leakage. Shower leakage is as high as 30% (at 6 GeV)
in the region where the total thickness is only 9.1 radiation lengths. The logarithmic dependence of this leakage on particle energy (38% at 12 GeV, 23% at 3 GeV) ensures that there will be no severe energy dependences over the range of interest.
In this letter we have discussed the correction of light attenuation in counters of moderate size. However, using the better samples5 of doped lucite (attenuation length = 250 cm), the response of a counter two meters long could be made flat to f 5% by this method.
1.
FIGURE CAPTIONS
Output pulse height of a typical shower counter for 18 GeV electrons plotted as a function of the distance from the point of incidence of the particles to the row of phototubes. Curve A shows the original response using flat uniform lead plates of thickness 4.1 mm. Curve B shows the response when these were replaced with the highly non-uniform configuration given in Table 1 .
Monte Carlo calculation8 of the longitudinal shower development for 6 GeV electrons in lead. The ordinate gives the percentage of incident energy absorbed in one plate of thickness X0. 
